N Ne eu ur ro ol lo og gi ia a i i N Ne eu ur ro oc ch hi ir ru ur rg gi ia a P Po ol ls sk ka a 2013; 47, 5 405 A A b b s s t t r r a a c c t t B Ba ac ck kg gr ro ou un nd d a an nd d p pu ur rp po os se e: : Symptomatic intracerebral haemorrhage (sICH) remains the most feared complication of systemic thrombolysis in patients with ischaemic stroke. The aim of the study was to analyze the impact of different factors on the occurrence of sICH, depending on definition used. M Ma at te er ri ia al l a an nd d m me et th ho od ds s: : We retrospectively evaluated the influence of several factors on the occurrence of sICH (according to definitions used in ECASS2, SITS-MOST and NINDS studies) in 200 patients treated with systemic thrombolysis from 2006 to 2011. Multivariate analysis of impact of individual variables on the occurrence of haemorrhagic transformation (HT) and parenchymal haemorrhage type 2 (PH2) were performed. R Re es su ul lt ts s: : Haemorrhagic transformation occurred in 35 cases (17.5%). SICH was found in 10 cases according to ECASS2, in 7 cases according to SITS and in 13 cases according to NINDS. Older age was related to higher risk of sICH, regardless which definition was used (ECASS2: p = 0.014, SITS-MOST: p = 0.048, NINDS: p = 0.008), and female sex was related to higher risk of sICH according to NINDS and ECASS2 definition (p = 0.002 and p = 0.04, respectively). Blood glucose level and high NIHSS score (> 14 pts) were found as risk factor of sICH in ECASS2 definition (p = 0.044 and p = 0.03, respectively). In multivariate logistic regression higher NIHSS scores were associated with HT independent of age, gender and glucose level (p = 0.012). Multivariate analysis showed no impact of age, gender, severity of stroke and glucose level on presence of PH2.
I In nt tr ro od du uc ct ti io on n Acute ischaemic stroke remains one of the main causes of death and disability in our society [1] . The incidence of stroke in Poland is similar to that in other European countries (the incidence rate is 177/100 000 in males and 125/100 000 in females) [2, 3] . According to the Ministry of Health, about 88 000 hospitalizations with a diagnosis of stroke were reported in Poland in 2007 (data may be underestimated by about 15%) [4] .
Cerebral systemic thrombolysis (intravenous thrombolysis) with recombinant tissue plasminogen activator (rt-PA), initiated within 4.5 hours after the onset of symptoms, is the most effective medical therapy for acute ischaemic stroke [5] . The results of several trials confirmed the efficacy, but some complications of these therapy have been revealed [6] [7] [8] . Intracerebral haemorrhage (ICH) is the most serious of them. Only some of them are associated with the worsening of the patient's status, of which sICH is the most important.
Currently, several definitions of sICH exist. The definition used in the National Institute of Neurological Disorders and Stroke (NINDS) trial considers sICH in any case of deterioration in the National Institutes for Health Stroke Scale (NIHSS) score within 7 days in presence of any type of ICH in the control computed tomo graphy (CT) scan [9] . In the European Cooperative Acute Stroke Study 2 (ECASS2) protocol, investigators defined sICH as an intracerebral haemorrhage if the patient had clinical deterioration causing an increase in NIHSS score by 4 points, and if the haemorrhage was likely to be the cause of the clinical deterioration [7, 8] . According to the Safe Implementation of Thrombolysis in Stroke -Monitoring Study (SITS-MOST) definition, sICH is defined as clinical deterioration in NIHSS score by 4 points within 24 hours and with the occurrence of intracerebral haemorrhage type 2 in the 22 to 36 hours follow-up imaging scans after the start of thrombolysis treatment [10] .
Therefore we aimed to evaluate the relationship between several factors and the presence of sICH according to different definitions, by what we tried to determine which definition is most sensitive in this respect.
M Ma at te er ri ia al l a an nd d m me et th ho od ds s
We retrospectively evaluated the influence of epidemiological and clinical factors on the occurrence of sICH, according to ECASS2, SITS-MOST and NINDS definitions in 200 consecutive Caucasian patients treated with intravenous thrombolysis between September 2006 and March 2011, in stroke unit in Sandomierz. Our study center was recognized as a stroke unit according to the Polish national criteria and was equipped with the proper monitoring and diagnostic facilities [11] . All patients were examined at the time of admission by a stroke physician, and the severity of stroke symptoms was assessed using the NIHSS [12] . Cerebral thrombolysis with the intravenous infusion of rt-PA was administered according to the current guidelines [13] . Because the Polish guidelines changed in June 2010, patients treated within the 4.5-hour time window and patients over 80 years of age were included in the study [14] . All patients had CT of the brain performed prior to treatment, 22-36 hours after the start of treatment and on the seventh day, as well as in case of deterioration of the neurological status. All our patients received standard care, typical of a stroke unit, including rehabilitation, psychological and speech therapy as well. We used the ECASS2 classification based on CT image and radiological features of haemorrhagic transformation [8, 15] .
The study protocol was accepted by the Ethics Committee of Regional Chamber of Physicians in Kielce (Consent No. 8/2011). All personal data of the analyzed patients were treated confidentially.
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S St ta at ti is st ti ic ca al l m me et th ho od ds s
Statistical analysis was performed with Statistica 6.0. Univariate analyses were performed and χ 2 tests with appropriate corrections (Yates correction, Fisher exact test) for sample size and expected counts and nonparametric Mann-Whitney U-tests were used because of skewed distribution. The multivariate analysis was performed with the use of multiple logistic regression. Calculations were not always mathematically possible due to the limited number of observations, therefore the multivariate analysis was performed for haemor-rha gic transformation and parenchymal haematoma type 2. The results of the logistic regression models were presented as odds ratios (ORs) and the corresponding 95% confidence intervals (CIs). The level of significance was set at p < 0.05.
R Re es su ul lt ts s
General characteristics of the group of patients are shown in Table 1 . Patients with heart disease, especially with atrial fibrillation, were abundant in our study population. 
Data are shown as number (%) if not otherwise stated OCSP -Oxford Community Stroke Project, NIHSS -National Institutes of Health Stroke Scale
Haemorrhagic transformation occurred in 17.5% of cases. Symptomatic ICH was found in 5% of cases (according to ECASS2), 3.5% (SITS-MOST) or in 6.5% (NINDS), depending on definition ( Table 2) .
Older age was related to higher risk of sICH, regardless which definition was used (ECASS2, p = 0.014; SITS-MOST, p = 0.048; NINDS, p = 0.008). Female sex was related to higher risk of sICH according to NINDS and ECASS2 definition (p = 0.002 and p = 0.04, respectively). Blood glucose level and high NIHSS score (> 14 pts) were risk factors of sICH in ECASS2 definition (p = 0.044 and p = 0.03, respectively) ( Table 3 ).
In multivariate logistic regression, higher NIHSS scores were associated with haemorrhagic transformation independent of age, gender and glucose level (p = 0.012). Multivariate analysis showed no impact of age, gender, severity of stroke according to NIHSS score and glucose level on presence of parenchymal hae matoma type 2 (Table 4 ).
D Di is sc cu us ss si io on n
Haemorrhagic transformation is the most serious complication of thrombolytic therapy. In fact, it is a group of haemorrhagic changes in the brain, with different pathogenesis and clinical significance [16] . Some of haemorrhagic transformations seem to be natural course of the ischaemic injury, which probably would appear even without thrombolytic treatment [17, 18] . Only a fraction of haemorrhagic transformations is related to deterioration of the patient's status and are defined as sICH. Analysis of these cases is difficult because of the multiplicity of definitions of sICH. The influence of different factors on the occurrence of sICH differed depending on the use of one out of three definitions.
Mazya et al. [19] analyzed data from 31 627 patients treated with intravenous alteplase enrolled in the SITS International Stroke Thrombolysis Register. The outcome measure was sICH per the SITS-MOST definition. The authors identified 9 independent risk factors for sICH: baseline NIHSS score, serum glucose, systolic blood pressure, age, body weight, stroke onset to treatment time, aspirin or combined aspirin and clopidogrel, and history of hypertension.
In our study, older age was related to sICH regardless which definition was used. Older age was defined as independent risk factor for sICH in several previous studies [7, 8, 10, 20] but another studies did not confirm this association [21, 22] . In most studies of thrombolytic therapy, patients under 80 were included and only in some of trials treatment of elderly patients with rt-PA was allowed. Recently published results of the Third International Stroke Trial IST-3 show survival benefits of rt-PA in elderly stroke patients [23] .
Gender differences in coagulation and fibrinolytic factors have been reported in acute ischaemic stroke [24] . Meseguer et al. collected efficacy and safety outcomes for patients treated with rt-PA in their center and they also performed a systemic PubMed literature search for previous 16 studies that evaluated the gender effect among intravenous rt-PA-treated patients. None of these studies supported a gender difference in favourable outcome, and one suggested an increased risk of mortality in men. In unadjusted partial metaanalysis in all patients from these studies, the authors found a trend toward a lower risk of sICH in women [25] . In our population, female sex was correlated with higher risk of sICH according to NINDS and ECASS2 definitions.
High blood glucose level is a well-recognized risk factor of sICH [9, 10, 26, 27] . In patients with acute ischaemic stroke from both parts of NINDS trial, higher admission glucose levels were associated with significantly lower odds for desirable clinical outcomes and significantly higher odds for sICH, regardless of rt-PA treatment [28] . High blood glucose was significantly higher in the group of patients with sICH in the T Ta ab bl le e 3 3. . O OR R ( (9 95 5% % C CI I) )
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Monika OEledziñska-DŸwiga³, Piotr Sobolewski, Wiktor Szczuchniak Symptomatic intracerebral haemorrhage after intravenous thrombolysis ECASS2 trial [8] . In our study, high level of glucose was associated with sICH according to the ECASS2 protocol definition only.
Higher NIHSS score was estimated as an independent risk factor of sICH in several previous studies [7, 9, [29] [30] [31] [32] . We also found this association in our patients but only according to ECASS2 definition.
There are no consistent data that chronic use of aspirin or other antiplatelet agents prior to treatment with rt-PA increases risk of sICH. Several studies have indicated that prior antiplatelet therapy increases the risk of ICH [10, 27, 29, 33] . Only one study shows that prior anticoagulant therapy is an independent predictor of ICH [34] . We did not find influence of chronic use of antiplatelet or anticoagulant drugs prior to thrombolytic therapy on occurrence of sICH.
The presence of early ischaemic changes in baseline CT was indicated as significant predictor of sICH after thrombolysis in several previous studies [6, 20] . We did not find such relationship in our patients. We did not find any association between sICH and old ischaemic changes in baseline CT either.
Direct comparison of sICH rates in different studies evaluating safety of systemic cerebral thrombolysis is complicated by the variability of definitions of sICH. A few studies comparing the definitions of sICH were published. In most of them, clinical usefulness of these definitions was analysed, on the base of evaluation of long-term outcome and mortality within 90 days [35, 36] . Gumbinger et al. [37] compared four definitions of sICH: NINDS, ECASS2, SITS and ECASS3 in terms of mortality, poor and good outcome after 90 days in group of 314 patients treated with intravenous rt-PA. None of these definitions featured an optimal combination of prediction of mortality and outcome.
The analysis of 6483 patients treated with alteplase from SITS-MOST registry showed that systolic blood pressure, atrial fibrillation, and body weight were pre-dictors of sICH and current smokers had a lower rate of sICH [10] . The analysis of Polish stroke patients treated with intravenous thrombolysis entered into the SITS registry showed that certain group of patients was treated not fully adhering to the European license in Poland. Those patients, however, were not at increased risk of sICH or death [38] . To determine the role of va rious factors on the occurrence of sICH, the data from the Helsinki Stroke Thrombolysis Registry suggest that the most suitable definition of postthrombolytic sICH would be the ECASS2. Impact of the ECASS2-defined sICH differed only slightly from the NINDS. The occurrence of sICH according to these definitions was independently associated (or showed a trend) with similar parameters: age, baseline NIHSS score, baseline glucose level, presence of hyperdense artery sign and early infarct signs on admission imaging, and statin use. The frequencies of SITS-defined sICH in various thrombolysis cohorts were lower compared with other definitions [36] . Also in our study, most factors were related to sICH using the ECASS2 definition.
C Co on nc cl lu us si io on ns s
Definition of sICH can determine variables that are related to a high risk of this complication. In our study, the highest number of factors i.e. older age, female sex, blood glucose level and high NIHSS score (> 14 pts) was associated with sICH using the ECASS2 definition.
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